In disaster environments, due to the destruction of local communication infrastructures, wireless mobile agents (robots) are employed to search and deploy to establish ad hoc networks. With the guidance of the network, first responders can efficiently perform tasks in disaster environments. However, due to the uncertainties and complexities of disaster environments and the limited capabilities of wireless mobile agents, it is challenging to apply wireless mobile agents to disaster environments in both theory and practice. To this end, a task-based wireless mobile agents search and deployment approach is proposed for ad hoc network establishment in disaster environments. The proposed approach consists of a search module and a deployment module. The search module enables wireless mobile agents to efficiently move and collect information in an unknown and complex disaster environment. The deployment module enables wireless mobile agents to find suitable deployment locations based on the collected information. The ad hoc networks established by the proposed approach can guarantee the communications of wireless mobile agents in ad hoc networks. In addition, it can cover the maximum number of tasks and maximum size of area in the disaster environment. The experimental results demonstrate the advantages of the proposed approach in terms of wireless mobile agents search and deployment for ad hoc network establishment in disaster environments.
Introduction
Nowadays, disasters throughout the world such as the hurricane Katrina, Indian Ocean tsunami, 2008 Sichuan earthquake, etc [Bedford and Faust, 2010] have become an important social and political concern. After a disaster happened, many stationary tasks, such as saving survivors in debris, extinguishing fire of buildings, etc, need first responders to perform. Due to the destructions of local communication infrastructures, a number of mobile wireless agents (WAs) are employed to search and deploy to establish ad hoc networks in the disaster environment [Deshpande et al., 2012] , [Jiang et al., 2008] , [Ortiz et al., 2004] , [Balachandran et al., 2006] , [Srinivas et al., 2006] . With the guidance of the established networks, first responders can efficiently perform tasks in the environment. In recent years, ad hoc networks established by WAs play an important role in disaster search and rescue due to their low infrastructure dependency, low expense, quick deployment, quick adaptability and scalability.
When WAs just enter a disaster environment, they lack information about the environment. In addition, the ubiquitous obstacles in the environment hinder their search paths and occupy their deployment locations. Except the difficulties brought by the environment, the limited capabilities (e.g. energy, sensing and communication) of WAs also make the search and deployment in such environments more difficult. In many applications, a large number of stationary tasks are unevenly distributed in the environment and only a small number of WAs can search and deploy to establish ad hoc networks in the environment. In these applications, the search and deployment of WAs is prone to discovering and covering the maximum number of tasks, which is called task-based WAs search and deployment (TBWSD) for ad hoc network establishment in disaster environments.
In order to achieve efficient TBWSD for ad hoc network establishment in uncertain disaster environments, first of all, the approach should enable WAs with limited energy, sensing and communication capabilities to efficiently move and collect information in the environment. Then, the ad hoc network established for TBWSD should achieve three objectives: 1) Communication of WAs: Since the sensing and communication ranges of WAs are limited, WAs should be able to communicate with other WAs in the network so as to share the information about their covered stationary tasks and first responders. 2) Maximum coverage of tasks: Since stationary tasks are unevenly distributed in the environment, the established ad hoc network should be able to cover the maximum stationary tasks so as to ensure that most of tasks can be performed by first responders with the guidance of the network; 3) Maximum coverage of area: Since first responders can move around in a disaster environment, the established ad hoc network should be able to cover the maximum area of the environment so as to increase the opportunities to guide first responders.
In order to achieve the requirement and three objectives of TBWSD, a task-based WAs search and deployment approach is proposed for ad hoc network establishment in disaster environments. The proposed approach consists of a search module and a deployment module. The search module enables WAs with limited energy, sensing and communication capabilities to efficiently move and collect information according to the density of tasks. The deployment module finds suitable deployment locations for WAs to establish ad hoc networks by considering the three objectives of TBWSD according to the information collected by the search module.
The rest of the paper is organized as follows. The problem description and definitions are given in Section 2. The task-based WAs search and deployment approach is introduced in detail in Section 3. The experiments are demonstrated and the results are analyzed in Section 4. The related work is introduced in Section 5. The paper is concluded and the future work is outlined in Section 6.
